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of forage in the Qinghai-Tibet Plateau in the past 50 years 
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Abstract The Qinghai-Tibet Plateau is considered to be ideal region for studying the response of natural ecosystems to 
climate change because its’ mountainous environments is one of the most fragile of the global ecosystems. The impacts of the 
changes in temperature and precipitation on the phenology varied among different grasslands. After experiencing a distinct 
warming in recent decades, some studies noted that remarkable variations in vegetation in the Qinghai-Tibet Plateau were 
potentially due to climate change. In order to determine the impacts of climate change on vegetation phenology and potential 
productivity, this paper used meteorological data during 1965-2013 in the Qinghai-Tibet Plateau (e.g., monthly temperature, 
precipitation and sunshine duration) of 107 meteorological stations, and extracted vegetation phenological indices using 
MODIS-derived normalized difference vegetation index data during 2000—2013, and used the Thornthwaite Memorial model 
and GIS techniques to analyze the spatial and temporal trends of potential climate-driven forage productivity in the 


Qinghai-Tibet Plateau. Then by analyzing 22 years of continuous observation data of growth stages of forage in the 
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Qinghai-Tibet Plateau, the relationship between meteorological factors and major growth stages of forage was determined. 
Also the driving factors of the dynamics of potential climate productivity in the Qinghai-Tibet Plateau were determined. 
Furthermore, the relationship between temperature or precipitation and sunshine duration during forage growth period was 
determined based on regression analysis. The results showed that the potential climate productivity of forage in the 
Qinghai-Tibet Plateau was consistently varied with geographical region and spatial temperature distribution. Average 
temperature in the Qinghai-Tibet Plateau rose during the nearly 50-year period, increasing by 0.53 "C.(10a) !. Precipitation 
generally increased at the rate of 7.81 mm-(10a)', while sunshine duration decreased by 16.94 h.«(10a) !. Potential climate 
productivity of forage in the Qinghai-Tibet Plateau presented an increasing trend from 1965 to 2013, and spatial changes of the 
productivity, in turn, increased from northwest to southeast. Then potential climate productivity of forage in the north and 
south in the plateau significantly increased and there was less variation in the east of the plateau. Furthermore, the regreening, 
heading and blossoming of forages advanced, while yellowing and withering delayed year after year, which extended the 
forages phenological phases. Regreening stage of forage delayed from southeast to northwest, although withering stage showed 
no obvious change. Under drier and warmer conditions, phenological periods of grassland vegetation in the region became 
closely related to climate change. Then precipitation and sunshine duration were negatively correlated with phenological 
period of the grassland vegetation. Temperature was the dominant constraint on phenological phases of grassland vegetation in 


the study area. The study formed a relevant reference and basis for the protection of grassland ecosystems and enhancing 


potential climate productivity in Qinghai- Tibet Plateau. 
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Fig.3 The variation trends of the mean temperature, precipitation and sunshine duration during the growth period of forages in the 
Qinghai-Tibet Plateau from 1965 to 2013 
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Fig. 4 Spatial distribution of the accumulated temperature above 0 °C and 5 Cof the growth period of forages in the 
Qinghai-Tibet Plateau 
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Fig. 5 Spatial distribution of precipitation and sunshine duration of the growth period of forages in the Qinghai-Tibet Plateau 
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Fig. 7 Changing trend of the potential climate productivity of forages in the Qinghai-Tibet Plateau from 1965 to 2013 
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Fig. 8 Spatial distribution of climate potential productivity of forages in the Qinghai-Tibet Plateau from 1965 to 1974 (a) and 
2004 to 2013 (b) 
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y= 0.212 5x+ 42 260 
R^— 0.052 4 


y= 0.635 8x+ 42 204 
R°=0.1608 | 


A "diio 
* y- 20.618 9x+ 42 142 
R^ - 0.118 


05-16 


H HAVA - H) Date (month-day) 


03-27 


1991 1995 1999 2003 2007 2011 
^E4 Year 


9 1991—2013 FARSKE 2 1: 89] 32 146. 
Fig. 9 Change of the phenological phases of forages in the 
Qinghai-Tibet Plateau from 1991 to 2013 


WBfEAHmFPRAJTXBES, MEARE ARKAA 
LAI me, KERA RHER. MAn, AHA ARMSBY 
WEE 5 HEREDES, m rmabsp s zz ze 
AMAWKNRE IRB HAA 5 APS); RRA 
PRA NT SRSA WING 5 BAERS, 5 
BFR; EIS DOSES PALA BB 23 389 pop E iR 
SAME SAA, mk €ipoi S s SHH 
AR 6 A(A 10a). Jc Sales AES TEBSZE I] 7T 
ARAE 10c), SET Es diet ren [3 DC JA ZU P8 E825 768 
Bote, RAZMER, SLEEN 1-10 d, £K 
Ze Fea AY alte BUB KES S& FRE ES el ren [E FB. ZR 
Mos, ABB EI. ARI RMRIK, 25H 
EWR ACE E rn RRES Sah ren B HE [8] ^E FH 
A CK X RU; mik Es HRN KIRN e 4 HEU 
ARM SB RTL PES. EBRAR, GB. 
Bie 2001—2013 FRE SHANA 
RAS rs KAKI, Ix AA se AY Ze a) ee AE (A 10b). 


http://www.ecoagri.ac.cn 


Æ 4 HA KX SES: 
a a 2 z À 
" "^ p" o X N 

& 
" 

| 

^w E 

CN A » 25 
T N ag 


ik 79 HJ] Regreening stage (d) 


SpE 
"n mm 145- 0 2501 
Tom No grassland -—— km 
mE < 129 
c 
Eo 7o C-—-PC— 
" 
* 
"n 
bi — a 
TRUTH Withering stage (d) mu 273-289 
JEH, No grassland mm 289-305 
EB < 257 mm > 305 
257~273 


VE 50 FE SE EST E R re BC AE T7378 7] CPI ES RB BIET 


H39 


1 214 Variation in regreening stage (d) 


Ta WIZE {Lh Variation in withering stage (d) 
JE No Grassland 

== HR 7-10 d Delay by 7-10 days 
= 4334—7 d Delay by 4—7 days 
ffEIR 1~4 d Delay by 1—4 days 


c JEH, No Grassland mm tpi 1~4 d 1—4 days in advance 
31:33 7-10 d Delay by 7-10 days mm }£7i/4~7 d 4—7 days in advance 
#{EI84~7 d Delay by 4-7 days mm Fé HI/7~10 d 7-10 days in advance 
EIR 1~4 d Delay by 1-4 days < mm FEANYE7AR{L, No obvious variation 


i>  fafe 
p n ES 


p" 
v 


Q 


== ijj 1~4 d 1—4 days in advance 
mm 3: HIl4~7 d 4-7 days in advance 
mm 1:51/7—10 d 7-10 days in advance 
mm FLAVELL No obvious variation 


Æ 10 2000—2013 FHAS RKE RSM [8] (a) SL SE E RE Kb). ESTER EST [81 (e) £F E 3E 10 (d) 2 18) 23 6 [8] 
Fig. 10 Spatial distributions of regreening stage time (a) and its interannual change (b), and withering stage time (c) and its 
interannual change (d) of forages in the Qinghai-Tibet Plateau from 2000 to 2013 
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Fig. 11 Spatial distribution of growth season duration of forages from 2004 to 2013 (a) and its difference between 2004 to 2013 and 
1965 to 1974 (b) in the Qinghai-Tibet Plateau 
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Table 1 Correlation coefficients between forages phenological period and meteorological factors during 1992—2013 in the 
Qinghai-Tibet Plateau 
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SHADES 5) Fill S zi TE 0.01 XI 0.05 KEAMER X o. ** and * mean significant correlation at 0.01 and 0.05 levels (double-side), respectively. 
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